Introduction
The reaction of spermatozoa with the zona pellucida is a key event regulating their access to the oocyte at fertilization. Under physiological conditions the zona is responsible for homologous gamete recognition and binding (Hartmann, 1983) and it also plays a major role in the mechanism that prevents polyspermy (Wolf, 1981; Sathananthan & Trounson, 1982) . On the other hand, the development of increased zona resistance to sperm penetration, leading to decreased oocyte fertilizability, has been described in various experimental systems, such as during maturation of cumulus-free mouse oocytes in vitro (De Felici & Siracusa, 1982) or in mouse oocytes aged in vivo or in vitro (Austin, 1970; Szòllòsi, 1975; Longo, 1981; Gianfortoni & Gulyas, 1985) . Impairment of sperm-zona interaction has also been suggested to be a contributing factor to idiopathic human infertility (Trounson et al, 1980; Mahadevan et al, 1983) . For a better understanding of the mech¬ anisms underlying these disorders more information about the zona alterations during the final phase of oocyte meiotic maturation is obviously needed. Based on circumstantial evidence Zenzes et al, 1985) , the zona pellucida of human oocytes approaching meiotic maturity seems to undergo some maturational changes which render it more susceptible to sperm penetration. Incomplete oocyte maturation was found to be the main course of fertilization failure in our in-vitro fertilization programme (J. Tesarik, unpublished data (Pilka et al, 1983) were processed for electron microscopy immediately after recovery. Sperm samples were obtained from apparently healthy partners of the women attending our in-vitro fertilization programme. Only samples which contained^70 IO6 spermatozoa/ml semen, >50% motile spermatozoa, and >70% normal sperm forms were included in this study. Spermatozoa were washed from seminal plasma and capacitated in vitro for 5-6 h as described previously (Tesafik et al, 1984) .
Culture conditions and gamete interaction. Ham's F 10 medium (Ham, 1963) was modified by the addition of 0-5 g calcium lactate/1 (Serva Feinbiochemica, Heidelberg, F.R.G.), 0-25 g sodium pyruvate/1 (Merck, Darmstadt, F.R.G.), and 1-3 g sodium bicarbonate/1 (Serva). These compounds were added to Ham's F 10 dried powder (Flow Laboratories, Rockville, MD, U.S.A.) together with 25 000 i.u. penicillin/1 and 004 g streptomycin/1 (both purchased from Serva) and all components were dissolved in four-times glass-distilled water to a final osmotic pressure of 285 mosmol/kg on the day before use of the medium. The medium was enriched by 16% (v/v) heat-inactivated serum from the patient and equilibrated with a gas phase of 90% N2, 5% 02 and 5% C02. This medium was used for all cultures and incubations including oocyte pre-insemination culture, inseminations and embryo cultures.
Insemination in vitro was carried out 5-8 h after oocyte recovery by adding 1 IO5 spermatozoa from capaci¬ tation cultures to 1 ml medium containing the oocyte. Most oocytes were left undisturbed in this fertilization culture until the following day when fertilization results were assessed (see below). Oocytes were sometimes removed from the fertilization culture 1 h after insemination, remnants of cumulus oophorus and corona radiata cells were separated from the oocytes under a dissecting microscope, and the oocytes were examined for the presence of the 1st polar body. The duration of the whole procedure did not usually exceed 1 min; the oocytes were then returned immediately to the fertilization culture.
At 24 h after insemination all remaining corona cells and loosely adhering spermatozoa were removed through repeated aspirations into finely drawn Pasteur pipettes and oocytes were examined, in an inverted microscope equipped with Nomarski optics, for the presence of pronuclei and polar bodies. Reinsemination of unfertilized oocytes was performed using sperm suspensions newly prepared in the same way as for the first insemination and fertilization results were checked after an additional 16-18 h.
Preparation and insemination ofzona-free oocytes. Some of the unfertilized oocytes that lacked the 1st polar body 1 h after insemination but progressed to metaphase II during the incubation with spermatozoa (assessed 20 h after insemination) were incubated for 5 min in 0-1 % (w/w) pronase (Sigma Chemical Co., St Louis, MO, U.S.A.) dissolved in serum-free F 10 medium. The oocytes were then transferred into F 10 medium supplemented with 16% heatinactivated human serum and the partly digested zonae pellucidae were removed by repeated aspirations into fine Pasteur pipettes. After a thorough washing in the medium the zona-free oocytes were reinseminated in vitro with 1 10s spermatozoa/ml and examined for the presence of pronuclei [16] [17] [18] fEvaluated 20 h after insemination (see *footnote in Table 1 ). (Fig. 2) did not demonstrate any differences in the appearance of individual pronuclei compared to presumably normal human pronuclear eggs (Tesarik & Dvorak, 1981) . The pronuclei had the normal size and shape (Fig. 2a) , showed the typical structure of chromatin and the nuclear envelope and possessed nucleolus-like bodies (Fig. 2b) . Profiles of the axonema and remnants of other sperm tail structures were usually seen close to the pronuclei. (Table 4) , this difference was not significant. There were remarkable differences in the number of zona-associated spermatozoa between individual oocytes within both groups. On the other hand, the ultrastructural analysis revealed a significantly higher percentage of spermatozoa having penetrated into the zona pellucida of metaphase II oocytes as compared to metaphase I oocytes in which a great majority of zona-associated spermatozoa were surface-bound (Table 4) .
Structural changes in the zona pellucida duringfinal phases ofoocyte maturation Marked differences were noticed in the ultrastructure of the zona pellucida between metaphase I and metaphase II oocytes fixed immediately upon recovery (Fig. 3) . The zona of metaphase I oocytes gave an impression of a rather compact and homogeneous layer distinctly demarcated against the cumulus oophorus, showing only little intercellular material demonstrable by electron microscopy (Fig. 3a) . By contrast, the zona of metaphase II oocytes displayed a highly porous structure in its outer one-third, showed wide slits filled with the newly formed abundant cumulusoophorus intercellular material at its surface and was in general poorly delineated towards the fully expanded cumulus the intercellular matrix of which penetrated deep into its outer part (Fig. 3b) . The oocyte showed a noticeable secretory activity as early as metaphase I, as judged by the presence of numerous secretory granules in the cortical cytoplasm with many granules in the course of exocytosis releasing their contents to the perivitelline space (Fig. 4) where deposition of glyco¬ proteins secreted by preovulatory human oocytes has previously been described (Tesarik & Kopecny, 1986 (Zenzes et al, 1985) . In contrast to our results, penetration was achieved, although at relatively low rates, in human metaphase I oocytes incubated with higher Fig. 3 . Structural differences between the zona pellucida (ZP) surrounding a metaphase I (a) and metaphase II (b) human oocyte. Note the porous structure of the outer third of the zona in the metaphase II oocyte contrasting with the relatively compact, homogeneous and well demarcated zona of the metaphase I oocyte. CM, cumulus intercellular material, 2000. (Nishimoto et al, 1982) . By use of elevated sperm concentrations even oocytes at earlier stages of meiosis could be penetrated (Overstreet & Hembree, 1976; Overstreet et al, 1980) . It seems there¬ fore that the increased zona resistance experienced by the oocyte before it has reached full meiotic maturity is a relative rather than an absolute condition which may be overcome by increasing the concentration of spermatozoa in the fertilization culture. Collectively the results of this study strongly suggest that the zona pellucida of human oocytes undergoes important maturational changes during oocyte transition from metaphase I to meta¬ phase II. In fact, autoradiographic and histochemical data indicate an active secretion of proteoglycans from metaphase II human oocytes and their surrounding cumulus cells into the zona pellucida (Tesafík & Kopecny, 1986) . In the present study we observed ultrastructural signs of active secretion from the oocyte even at metaphase I when the cumulus cells had not yet fully activated their intercellular matrix production. This oocyte secretion is apparently a physiological event as signs of spontaneous in-vivo release of granules from the cortical cytoplasm of human follicular oocytes were observed, irrespective of whether the oocytes were obtained in unstimulated or stimulated cycles (Rousseau et al, 1977 (Tesafík & Kopecny, 1986) (Trounson & Webb, 1984) .
From these results it follows that a proper timing of sperm-egg interaction is of prime import¬ ance for the success of in-vitro fertilization in current programmes which in general tend to use lower concentrations of spermatozoa for inseminations. Many in-vitro fertilization failures appear to be due to premature addition of spermatozoa to meiotically immature oocytes. Because human oocytes can be successfully matured in vitro (Edwards et al, 1969; Nishimoto et al, 1982) and pregnancies have been established after transfer of embryos developing from in-vitro matured oocytes (Veeck et al, 1983) , the definition of more reliable criteria for oocyte (and zona pellucida) maturity could substantially improve the clinical efficacy of in-vitro fertilization. The search for substances which, added to insemination medium, would help to restore the penetrability of the zona pellucida is another possible way of solving this problem.
